Atopic dermatitis is classified as a chronic inflammatory skin disease, which is characterized by alterations in barrier function and immune system of the skin. In a previous study, the efficacy of REPAVAR ATOPIC SKIN BODY CREAM EXTREME (a product containing "SKIN CALM COMPLEX") on the epidermal barrier structure was demonstrated. However, the product has also been formulated to improve inflammation and itching. The aim of this study is to analyze product effectiveness on skin inflammation and itching which is associated with atopic dermatitis, by quantification of IL-1α and IL-8 interleukins secreted by human keratinocytes from reconstructed epidermis by ELISA assay. Mature (aged 17 days) sample tissues were treated with pro-inflammatory agents (PBS 1X and LPS) and with the product containing synergistic mix from plants extracts and Dihydroavenanthramide D, among other ingredients ("SKIN CALM COMPLEX") for 24 hours. Measuring the amounts of interleukins by ELISA assay showed 1) decreased levels of IL-1α and 2) no differences about IL-8 secretion. Product REPAVAR ATOPIC SKIN BODY CREAM EXTREME has an antiinflammatory effect on the release of pro-inflammatory cytokines, becoming an effective preventive agent on inflammation and itching due to maintenance and improvement of the keratinocyte epidermal structure.
Introduction
Atopic dermatitis is a chronic inflammatory skin disease, characterized by leukocytes infiltration, alteration of the barrier function of the skin, high rate of water loss, decreased water retention capacity and a lower amount of lipids and ceramides. These events cause uncomfortable symptoms associated with the diseases, such as inflammation and itching, which aggravate the skin condition [1] - [7] .
The etiology of this disease includes interactions between genetic, environmental, epithelial barrier, immune factors and stress [8] - [11] . The results are dry skin, cutaneous hyper-reactivity and inflammation due to cytokine release from lymphocytes, Langerhans cells, keratinocytes, mast cells and eosinophils among the most important cells [12] - [14] . There are data about patients with a genetic profile for a vulnerable epithelial barrier, which provokes an altered immune response and inflamed skin. In this context, epidermis plays a fundamental role in the etiology and development of atopic dermatitis. When the epithelial barrier functions are damaged, inflammatory events and sensitization processes IgE mediated occurs. So epidermis is not only a physical barrier, but also a chemical and immune barrier [15] . In addition, itch-scratch cycle exacerbates the epidemic barrier damage, increases water loss, dryness and inflammation, and favors pathogenic infections of the skin [1] [16] . On the other case, in which external factors alter barrier function, a complex process triggers involving resident epidermal cells: keratinocytes, dermal fibroblasts, endothelial cells and leukocytes interacting with each other under the control of cytokine type mediators and lipids. When the epidermal barrier is impaired, keratinocytes secrete IL-1α and pro-inflammatory cytokine that induce production of IL-8 (chemo-attractant cytokine). IL-8 recruits immune system cells which secrete interleukins associated with pruritus and specific inflammation, such as IL-31 in T cells [3] [4] [17] [18] .
In a previous study, the efficacy of the REPAVAR ATOPIC SKIN BODY CREAM EXTREME (a product containing "SKIN CALM COMPLEX") on the improving the structure and the epidermal barrier was demonstrated. However, this complex product also contains ingredients to act on inflammation and itching. The study of anti-inflammatory potential was carried out in reconstructed human epithelium model (3D). However, these reconstructed human epithelia lack immune and nervous system cells from human skin [19] . So only the effect of the product on interleukins secreted by keratinocytes was analyzed.
The aim of this work was to confirm the anti-inflammatory action of the REPAVAR ATOPIC SKIN BODY CREAM EXTREME product containing ingredients of the "SKIN CALM COMPLEX" whose effectiveness was demonstrated separately.
Methods

In Vitro Model
In vitro Reconstructed Human Epidermis of 0.33 cm 2 , aged 17 days (28 samples), produced by SkinEthic laboratories (Nice, France) were used (for more information visit SkinEthic website [19] ). The tissues were cultured and kept in chemically defined medium, provided by the same laboratory, during the assays. Tissue cultures were performed in an incubator with 5% of CO 2 at 37˚C. The tissue manipulation process was carried out in sterile conditions.
Treatments
4 samples per group were used: i) Negative control (-SkinEthic Maintenance Medium-SkinEthic laboratories, Nice, France); ii) IL-1α inflammation positive control (phosphate buffered saline, PBS 1X, -HyClone Laboratories, Inc., South Logan, UT-, for 4 hours + maintenance medium for 24 hours); iii) IL-8 inflammation positive control (Escherichia coli LPS 100 μg/ml -Sigma, St. Louis, MO-diluted in maintenance medium, for 24 hours); iv) IL-1α anti-inflammation positive control (PBS 1X, for 4 hours + 10 μM Dexamethasone -Sigma, St. Louis, MO-, diluted in maintenance medium, for 24 hours); v) IL-8 anti-inflammation positive control (LPS 100 μg/ml + 10 μM Dexamethasone, diluted in maintenance medium, for 24 hours); vi) IL-1α inflammation treatment + Product (PBS 1X, for 4 hours + "REPAVAR ATOPIC SKIN BODY CREAM EXTREME", for 24 hours); vii) IL-8 inflammation treatment + Product (LPS 100 μg/ml diluted in maintenance medium + "REPAVAR ATOPIC SKIN BODY CREAM EXTREME", for 24 hours).
MTT Assay
Cellular viability was assessed by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyltetrazolium bromide) assay (Sigma, St. Louis, MO), a method based on the activity of mitochondrial dehydrogenases [20] . Stock solution of MTT (5 mg/ml) in PBS, was diluted (1 mg/ml) in SkinEthic culture medium, and then the samples were incu-bated at 37˚C, 5% CO 2 , 95% humidified atmosphere, for 3 hours. The resulting formazan crystals were dissolved by the addition of isopropanol (Sigma, St. Louis, MO), at room temperature, for 2 hours with gentle agitation. Optical Densities (OD) were measured at 570 nm wavelength.
Immunodetection by ELISA
The release of interleukin in the supernatants from keratinocytes was determined using the ELISA kit for IL-1α (Abcam, Cambridge, UK) and IL-8 (Abcam, Cambridge, UK), following the manufacturer's instructions.
In both cases, the reading of the optical density (OD) was carried out at 450 nm against the blank (diluent).
Statistical Analysis
The statistical analysis was performed using the SPSS 15.0, 1 software (SPSS Inc., Chicago, IL), using Student's t test and analysis of variance (ANOVA), and considering a p < 0.05 as statistically significant.
Results and Discussion
Production of IL-1α
IL-1α is a pleiotropic cytokine implicated in inflammation, immune responses and cell differentiation processes, which increases in response to cell damage, inducing apoptosis. In this study, culture maintenance medium was replaced by PBS for 4 hours, to promote disintegration of the epidermal barrier and to check the existence of any relationship between epithelial integrity and swelling. Standard curve were calculated from DO readings at 450 nm and known protein concentration (pg/ml) (Figure 1(a) ). Then, production of IL-1α data were calculated for each of the treatment groups.
Means of interleukin release was compared (Figure 1(b) ) and statistical analysis data showed significant differences (p < 0.05) among the negative control group and positive control inflammation (PBS 1X, p = 0.0268) and between the negative control and positive control anti-inflammation (PBS 1X + Dexamethasone, p = 0.0017), although a notable reduction on IL-1α secretion was detected in this last situation. However, when comparing the groups negative control vs. PBS 1X + Product, p value was >0.05 (p = 0.1), indicating that the differences between them are not significant. Therefore, it is confirmed the product "REPAVAR ATOPIC SKIN BODY CREAM EXTREME" effect on inflammation mediated by IL-1α, in response to barrier damage.
Extrapolation of inhibiting release of IL-1α in the sample treated with the product "REPAVAR ATOPIC SKIN BODY CREAM EXTREME" was calculated as the percentage of reducing the amount of protein released, relative to positive control anti-inflammatory (PBS 1X + Dexamethasone), having subtracted the value of production of IL-1α negative control. As shown in Figure 1(c) , the product "REPAVAR ATOPIC SKIN BODY CREAM EXTREME" seems to prevent the release of IL-1α.
Production of IL-8
Since IL-8 is a chemotactic factor, implicated in the attraction and activation of immune cells, produced by keratinocytes in response to inflammatory stimuli, LPS was used to induce the production of this protein.
Following a similar procedure, when comparing LPS positive control group against inflammation treatment IL-8 + Product, p value was >0.05 (p = 0.15), indicating that the differences between them are not significant (data not shown). So that, product "REPAVAR ATOPIC SKIN BODY CREAM EXTREME" shows no effect on the release of IL-8.
Analysis of cell viability was included in the experiments as control treatments and data were not shown normally. But in the case of IL-8, surprisingly, meanwhile the positive controls (LPS and LPS + Dexamethasone) showed cell viability values around 80% compared to negative control (maintenance medium), implying the treatments are well tolerated by tissues, the Product-treated sample shows an increase of 35% compared to untreated tissue (negative control), reflecting that effect on epithelial regeneration processes (Figure 2) .
These results are consistent with data previously obtained [21] . Product "REPAVAR ATOPIC SKIN BODY CREAM EXTREME"-treated tissues showed an increase in the number of cells and an improvement in the epithelial morphology and the expression of structural proteins.
Nowadays, treatments for dermatological diseases characterized by an altered immune response, involving inflammation and itching, as atopic dermatitis, include emollients to increase hydration levels and topical corti- Release of IL-1α. Ctrl, untreated tissues; PBS, positive control inflammation; PBS + Dexamethasone, positive control anti-inflammation; PBS + Product ("ATOPIC SKIN BODY CREAM EXTREME"). The product exerts an anti-inflammatory effect in the case of IL-1α. (c) Inhibition of IL-1α induced by Dexamethasone (Dexam) and "ATOPIC SKIN BODY CREAM EXTREME EXTREME BODY CREAM SKIN ATOPIC" (Product). "ATOPIC SKIN BODY CREAM EXTREME EXTREME BODY CREAM SKIN ATOPIC"-treated samples present a 90% of inhibition in IL-1α levels, while the Dexamethasone's efficiency is about 70%. costeroids associated with adverse side effects [22] [23] . At present, research focuses on the search and combination of more effective new agents with the least side effects. The product used in this study ("ATOPIC SKIN BODY CREAM EXTREME") contains "SKIN CALM COMPLEX", which includes, among other ingredients, a multi-herbal complex extracted from seven plants (Rosemarinus officinalis, Matricaria recubita, Camellia sinensis, Glycyrrhiza glabra, Polygonum cuspidatum, Scutellaria baicalensis and Centella asiatica) and Dihydroavenanthramide D, synthetic Avenanthramide. Both active ingredients have shown their efficacy in the treatment of atopic dermatitis: i) multicompound herbal preparation showed anti-inflammatory effects by reduction of IL-8 production in vitro by lymphocytes and monocytes, and reduction of eczema area severity index (EASI), degree of pruritus and TEWL [24] ; ii) keratinocytes treated with Avenanthramides showed a reduction of IL-8 release in vitro and topical application in murine models mitigated inflammation and pruritogen-induced scratching [25] . In this study, no effect on the production of IL-8 was found. This fact may be due to the action of Avenanthramides in the product is not as straightforward as when acting in isolation.
However, data obtained from quantization of pro-inflammatory cytokine IL-1α, by ELISA assay, demonstrate the anti-inflammatory effect of the product "REPAVAR ATOPIC SKIN BODY CREAM EXTREME" by topical application in reconstructed human epidermis. Other authors postulate thatkeratinocytes aretargets of T lymphocytes infiltrating immune processes, to have an active role in atopic dermatitis. Its role in maintaining homeostasis and proper functionality of the skin is essential not only for the correct expression of proteins that ensure epithelial structure, but for the production of lipids that prevent the loss of water and production of cytokines involved in activation and cell chemotaxis processes (inflammation), in proliferation and differentiation [26] [27].
Conclusion
This study demonstrates that the product may be highly effective in mild atopic dermatitis and the early stage of a moderate/severe illness. It improves the epidermal barrier effect and prevents inflammation, although studies in patients will be needed to confirm this hypothesis.
